With the increase of global civil aviation transportation, more and more researchers pay attention to the analysis of civil aviation accidents. Time series analysis can obtain the variation law in a large amount of data, and there is no research result of aviation accident time series yet. Based on the Mann-Kendall trend analysis and mutation analysis methods, this paper studied the change trend of accidents and casualties in different flight stages of civil aviation and built ARIMA (Autoregressive Integrated Moving Average model) time series analysis model to predict the number of civil aviation accidents and casualties by the long-term data in the world.
Introduction
With the development of economic globalization and economic, political, and cultural exchanges worldwide and the acceleration of turnover, the global civil aviation transportation industry continuously develops, and flight safety is increasingly taken seriously. Paying high attention to civil aviation accidents, the public easily lose confidence in civil aviation transportation, thus seriously restricting the development of civil aviation. Therefore, it is necessary to make indepth research for improvement of the safety skill of airlines and reduction of the probability of aviation accidents. When managing civil aviation safety, officers should obtain accurate prediction data and forecast the future safety state, so as to timely take preventive measures against risks and losses before accidents [1] [2] [3] [4] . Accurate and valid accident prediction can not only reduce economic losses and casualties but also boost the development of civil aviation safety management [5] . With the continuous improvement of the world's civil aviation technology and management level, a great deal of civil aviation safety data has been collected throughout the world, which boosts the development of research on civil aviation accident prediction to a certain extent and makes it an important part of the research on civil aviation safety.
Civil aviation accidents arise from many factors, including certain and unexpected factors. Certain factors involve aviators participant throughout the whole process of civil aviation, air traffic control, ground support, aviation 2 Mathematical Problems in Engineering maintenance, and mechanical fault; unexpected factors mainly involve severe weather (such as wind shear and clear air turbulence) and bird strike [3, 6] . Due to the involvement of the dynamic system of various information, it is impossible to give expression with a simple data model.
Scientifically understanding time series is based on an analysis of the trends and abrupt changes in time series [7] . This analysis may facilitate the understanding of the essence of time series and provide effective evaluation tools for related research. Having made many related studies [8] [9] [10] [11] [12] [13] [14] [15] , researchers have acquired the trends and abrupt changes in time series of different fields. As an important means to research the law of time series, time series forecast has been widely used in the fields of air pollution prediction [16] [17] [18] , change and prediction of temperature and precipitation [19] [20] [21] [22] , economic development indicator analysis [23] [24] [25] , and aircraft engine life prediction [26] [27] [28] , yielding good prediction results. In 1976, GEP Box and GM Jenkins first proposed the famous Autoregressive Integrated Moving Average (ARIMA) Model to forecast time series [29] . This model takes the data series of forecasted objects formed with time as a random series and approximately describes it with mathematical models. Once this model is identified, it may forecast the future value of time series on a highly accurate basis according to its past and present values. In 1980, Huang Wenjie first used the seasonal ARIMA model to forecast the monthly temperature of Shanghai and obtained a good result [30] .
In relation to the prediction on civil aviation accidents, domestic and overseas scholars have engaged in research. However, most were based on short-time (less than 10 years) series data to forecast the number of civil aviation incidents using the prediction algorithm, multiple regression, grey correlation, and neural network [2, [31] [32] [33] [34] , but no research has been made based on long-time (over 30 years) series data. Based on the law of change in data, time series prediction analysis may, to a certain extent, overcome the prediction difficulties resulting from the involvement of many factors in civil aviation accidents and confused data and ensure highly accurate prediction. Existing research mainly focuses on the practicability and accuracy of model, but less on the time series of civil aviation accidents and the characteristics of the accidents in different phases. Time series analysis can obtain the variation law in a large amount of data, and there is no research result of aviation accident time series yet.
This study drew on long-term sequence analysis methods in other fields. We chose trend analysis, mutation analysis, and ARIMA models and applied them to the field of aviation accident research. There is no innovation in the model method, but it provides new research fields and materials for time series analysis. Based on the data of civil aviation accidents worldwide, with the methods of Mann-Kendall trend analysis and abrupt change analysis, this research is made on the characteristics of change in the time series of civil aviation accidents worldwide. On this basis, this research builds an ARIMA model to forecast the number and fatalities of civil aviation accidents worldwide and makes a comparison between the forecast results in different phases, with a view to exploring the evolution and trend of civil aviation accidents worldwide and providing effective preventive measures against accidents and technical supports for China to analyze and predict aviation accidents.
Research Data and Source
The research is made in accordance with the statistical data of aviation accidents worldwide and the fatalities within 75 years from 1972 to 2016 at https://aviation-safety.net. Such data also involves the aviation accidents in all flight phases and the fatalities thereof from 1972 to 2016, which include take-off, initial climb, en-route, approach, and landing phases. This research will analyze the characteristics and change trend of aviation accidents in each flight phase and the fatalities thereof and forecast the aviation accidents worldwide in the coming 10 years and the fatalities thereof.
Research Methods

Mann-Kendall Trend Analysis.
Mann-Kendall trend analysis is a nonparametric statistical method for rank correlation test on the rank of statistic series and time series; dependent variables may be nonnormally distributed, so it applies to analysis of the trend in statistical variables. Given that H 0 is the sample of the time series A 1 , A 2 ,. . ., A n as independent identically distributed random variables, then the statistic S is given by
where and refer to the rank of and , respectively. When n > 10, S is normally distributed with the mean and variance as follows:
where E(S) refers to the mean and var(S) refers to the variance. The statistic Z is defined as follows:
The statistic Z is Mann-Kendall's rank correlation coefficient. Positive Z or negative Z, respectively, means that there Mathematical Problems in Engineering 3 is an upward or downward trend. The absolute value of Z reflects the significance level of trend. When the significance level is consistent with a 99%, 95%, or 90% confidence interval, Z is 2.32, 1.64, or 1.28, respectively [35] .
Mann-Kendall Abrupt Change Analysis.
In relation to time series x of n sample sizes, a rank series is built as follows:
The rank series refers to the number of values when > . For the purpose of definition, the statistics and are assumed to be stochastically independent in a time series, and is calculated as follows:
var ( ) = n (n − 1) (2n + 5) 72
UF series, which follows the standard normal distribution, is a statistic series calculated according to the time series x in order; E( ) and var( ) respectively refer to the mean and variance of . If the significance level is given, through check of the normal distribution table, when | | > , the series has an obvious change in trend, and the above process is repeated according to the time series x in reverse order, and =− [36] .
Time Series Analysis.
Time series analysis is an important statistical analysis and forecast method that describes the statistical characteristics of a variable and reveals the law of change in data according to the statistical relationship between data. A civil aviation accident is a random incident affected by many random factors in the civil aviation system and cannot be represented with a definite function. Statistically, there is a certain correlation between the civil aviation accidents of long-time series, so a time series model may be used to forecast civil aviation accidents. The Autoregressive Moving Average (ARMA) model consists of the autoregressive (AR) model and the moving average (MA) model. As a common time series forecast method [37] , the model may be used to fit the time series data of civil aviation accidents for forecast. The ARMA stationary time series model is defined as follows:
where p and q refer to the order of autoregressive (AR) part and moving average (MA) part, respectively. When 0 = 0, through introduction of the delay operator B, the centralized ARMR(p, q) model is as follows:
3.4. Forecast Accuracy Evaluation. This research evaluates the accuracy of the model using root-mean-square error (RMSE) and mean absolute error (MAE) as follows:
where refers to the actual value of sample i;̂refers to the predicted value of sample i; n refers to the number of samples.
Mann-Kendall trend analysis and abrupt analysis are nonparametric statistical test methods. It has the advantages that the sample does not follow a certain distribution, is not interfered by individual abnormal values, can objectively characterize the overall trend of the sample sequence, and is often used to analyze the trend and characteristics of longterm sequence samples. Common trend analysis methods also include linear functions, quadratic functions, and moving averages. The data analyzed in this manuscript is civil aviation accident data, and there are abnormal value interferences. Therefore, Mann-Kendall trend analysis and abrupt analysis methods are selected. If other trend analysis methods are used, the accuracy of the analysis results may be reduced.
The ARIMA time series analysis model is a model that converts a nonstationary time series into a stationary time series and then returns the dependent variable only to its lag value and the present and lag values of the random error term. The model is very simple, requiring only endogenous variables without the need for other exogenous variables. Other commonly used predictive models include linear regression models and neural network models, which require exogenous variables to make predictions. However, the aviation accidents predicted by this research have many exogenous variables, which are unstable and unpredictable. The ARIMA time series analysis model can solve this problem, which predict from the characteristics of the data itself. So, the ARIMA model meets the research needs.
The root-mean-square error and the mean absolute error are methods commonly used to evaluate the accuracy of the model. Other evaluation methods include standard deviation and mean squared error. The root-mean-square error is used to measure the deviation between the observed value and the true value. The mean absolute error is the average of the absolute error, which can better reflect the actual situation of the predicted value error. The standard deviation is used to measure the degree of dispersion of a set of data. The rootmean-square error is used to evaluate the degree of change of the data. The smaller the value, the better the accuracy of the prediction model describing the experimental data. Its evaluation effect is similar to root-mean-square error. The main purpose of this study is to analyze the deviation between the predicted data and the real data, so we choose the RMSE and MAE models that are more suitable for the requirements.
Research Result and Analysis
Analysis of the Change Trend of Key Indicators of
Civil Aviation Accidents
Analysis of the Change Trend of Civil Aviation Accidents
Worldwide. This research analyzes the trend of change in the number and fatalities of civil aviation accidents worldwide using Excel. As shown in Figure 1 , the number of civil aviation accidents worldwide reduces in a fluctuant way on the whole. According to Figure 1 , there were two periods of change in the number of civil aviation accidents worldwide. The first period was 42 years from 1942 to 1983, during which the number rapidly grew within the first 7 years (1942) (1943) (1944) (1945) (1946) (1947) (1948) and then reduced in a fluctuant way within the 35 years thereafter . Likewise, during the period from 1983 to 2016, the number rapidly grew within the first 7 years (1983) (1984) (1985) (1986) (1987) (1988) (1989) and then reduced in a fluctuant way within the 27 years thereafter . However, the change in the second period was less than that in the first period, as the number increased by 70 in the first period (1942) (1943) (1944) (1945) (1946) (1947) (1948) and by 30 in the second period (1983) (1984) (1985) (1986) (1987) (1988) (1989) ) and reduced by 63 in the first period ) and by 52 in the second period.
According to the periods of occurrence, potential civil aviation accidents accumulated to release and reaccumulated to release again. After several years of low-frequency accidents, civil aviation accidents outbroke together within several years, such as 1942-1948 and 1983-1989 , during which the number of accidents rapidly increased. However, after the outbreak, accidents decreased in a fluctuant way within a certain period during which the number was kept relatively stable. On the whole, the periodic change in the number of civil aviation accidents gradually reduced, and within the two periods, the increment of accidents reduced from 10 to 4 per year, and the decrement increased from 1.5 to 1.8 per year. This shows that the increase of accidents slowed down and the decrease accelerated in the second period. Increased aircraft performance and personnel quality are the main reasons for the reduction of civil aircraft accidents. On the one hand, due to the continuous advancement of aviation technology, the performance and reliability of civil aviation aircraft are gradually improved, and the probability of aircraft accidents occurring continuously decreases. On the other hand, the quality of aviation practitioners continues to improve. The trainings of pilots, air traffic control, maintenance, and crew members have been continuously strengthened, safety awareness has been significantly improved, and the ability to handle emergency emergencies has been continuously enhanced. These trainings reduce the human factors of aviation and aviation accidents. 5   1942  1945  1948  1951  1954  1957  1960  1963  1966  1969  1972  1975  1978  1981  1984  1987  1990  1993  1996  1999  2002  2005  2008 The maximum number of aviation accidents and casualties is not in the same year. This is due to the fact that early civil transport aircrafts were mainly small and the reliability was relatively poor. There are a large number of aviation accidents, but each aircraft carries fewer passengers. Therefore, in the year with the highest number of aviation accidents (1948), the number of casualties did not reach the maximum. With the Boeing 737 in service in 1968, the number of large passenger aircraft has increased in civil aviation transportation, the reliability of aircraft has increased gradually, and the number of aviation accidents has decreased. However, as the number of passengers carried by each aircraft has increased significantly, the number of casualties per aviation accident has increased. Therefore, in the absence of significant improvements in aircraft reliability, the year of 1972 was the largest number of casualties in aviation accidents After 1972, the fatalities reduced by 47 persons per year from 2373 to 258 and reached the minimum of 186 persons in 2015 among those within the recent 75 years. During the two periods of 1964-1980 and 1991-1998 , the fatalities reached the maximum and over 1000 persons every year. The high fatalities within the two periods were also the main cause of a parabolic trend of change in the fatalities of civil aviation accidents worldwide. Different from the frequency of civil aviation accidents, the fatalities had no periodic changes.
Analysis of the Change Trend of Fatalities of Civil
Analysis of the Change Trend of Civil Aviation Accidents in Different Flight
Phases. In different flight phases, the number of civil aviation accidents was different. According to Figure 3, in 1942 Figure 3, in -2016 , the number of accidents was maximum in the en-route and approach phases. In 1942-1967, the number in the en-route phase was higher than in the   0   500   1000   1500   2000   2500   1942  1945  1948  1951  1954  1957  1960  1963  1966  1969  1972  1975  1978  1981  1984  1987  1990  1993  1996  1999  2002  2005  2008  2011 approach phase, and after 1967, the number was maximum alternately in the en-route and approach phases; the number was minimum in the take-off and landing phases, and prior to 1980, the number in the climb phase was mostly higher than in the take-off and landing phases, but after 1980, the number was similar in the three phases and reached the maximum alternately.
According to the law of time change in each flight phase, from 1942 to 2016, the number of civil aviation accidents had a fluctuant change and was not greatly reduced in the takeoff and landing phases but first increased and then decreased in the climb and approach phases and reduced in a fluctuant manner in the en-route phase; the number reduced in a fluctuant manner in the climb phase after 1978, and in the approach phase after 1984.
In other words, since the statistical data of the number of civil aviation accidents worldwide was available, although the civil aviation technology continuously developed, the number of accidents in the take-off and landing phases was not greatly reduced but randomly changed in a fluctuant manner. This shows that accidents in the two phases arose from many factors (such as wind shear and icing) and could not decrease with the development of technology. However, with the development of the technologies of aircraft manufacturing, navigation and automatic driving and the aerodynamic performance of aircraft, the performance and flight capacity of civil aircraft greatly improved, and in the climb and approach phases, especially in the en-route phase, aircrafts were subject to less disturbance of other factors, thus making the number of accidents annually reduce up to a quite low level.
Analysis of the Change Trend of Fatalities in Different
Flight Phases. As shown in Figure 4 , the fatalities were greatly different in different flight phases. In the en-route and approach phases, the fatalities were high and over a half of the total in all flight phases. Before 1972, the fatalities in the en-route phase were higher than that in the approach phase but approximated the latter thereafter. This research only analyzed the change trend in time series of the fatalities in the en-route and approach phases. According to Figure 4 , in 1942-2016, the fatalities slightly reduced in a fluctuant way in the en-route phase. In 2016, the fatalities were only 19 persons less than that in 1942 in the en-route phase. 1985 and 1996 were the years when the fatalities reached the maximum of over 1000 persons in the en-route phase. Through comparison, the fatalities were not greatly reduced with the continuous decrease of civil aviation accidents in the en-route phase. This might be associated with the increasing size of airliners. Since the fatalities of each civil aviation accident increased with an airliner's passenger capacity, and it was difficult to give a rescue in the en-route phase, the fatalities had not greatly reduced in the phase since 1942.
In the approach phase, the fatalities first increased and then decreased and reached the maximum in 1972 and annually reduced thereafter. Until 2016, there were only 65 fatalities. This was substantially consistent with the trend of change in the number of accidents in the approach phase.
Mann-Kendall Trend Analysis of Key Indicators of Civil Aviation Accidents.
With the method of Mann-Kendall trend analysis, we obtain the trend of change in the key indicators of civil aviation accidents listed in Table 1 . The Kendall's tau of the number and fatalities of civil aviation accidents worldwide was -0.523 and -0.123, respectively, and passed the significance test, for which the confidence interval was 95% and 90%, respectively. The result shows that the statistic was less than 0, and the number and fatalities of accidents significantly reduced, at the level of 0.05 and 0.1, respectively.
In relation to the number of accidents in different flight phases, the confidence interval was 90% for Kendall's tau in the take-off phase and 95% for Kendall's tau in the climb, enroute, and approach phases, but the trend was not significant in the landing phase. Except in the landing phase, all the statistics were less than 0, showing that the number of the accidents in the flight phases significantly reduced; as to the fatalities, only the Kendall's tau in the en-route phase passed the significance test, for which the confidence interval was 95%, and the statistic was less than 0, showing that the fatalities significantly reduced in the phase, but insignificantly in other flight phases.
Mann-Kendall Abrupt Change Analysis of Key Indicators of Civil Aviation Accidents.
According to the Mann-Kendall abrupt change analysis, Mann-Kendall test is made on the data of civil aviation accidents worldwide, and curves UF and UB (equation (9)) may be drawn in relation to the key indicators of civil aviation accidents. When a critical value is exceeded, the upward or downward trend is significant. The scope beyond the critical line is defined as the time region of abrupt change. When UF intersects with UB at a point within the critical region, then an abrupt change starts at the time corresponding to the point. Figure 5 gives the curve UF-UB concerning the number of civil aviation accidents. According to curve UF, the number increased in a fluctuant way before 1950 and slowly reduced thereafter and started to rapidly reduce after 1980 and was less than the critical value in 1990 when an downward trend was significant. In 2003, UF intersects UB at a point beyond the critical region, which may not reflect that 2003 was the year when an abrupt change started. This shows that there was no abrupt change of the number of accidents.
Curve UF-UB concerning the fatalities is shown in Figure 5 . According to curve UF, the fatalities increased in a fluctuant manner before 1978 and exceeded the critical value in 1961, from when an upward trend was significant; the fatalities reduced after 1978 and were less than the critical value in 2000, from when a downward trend was significant. UF intersects UB at a point within the critical region in 2013 when an abrupt change occurred.
This research only considers the flight phases in which there were many accidents and fatalities, namely, the enroute and approach phases. There are phase characteristics of aviation accidents. According to the previous analysis, the route and approach phase are the most frequent stages of aviation accidents. In the analysis of abrupt change in aviation accidents, we chose these two stages mainly for two reasons. First of all, these two stages are more important. the amount of aviation accident data in these two stages is large, which is convenient for the analysis of the abrupt change characteristics. Therefore, due to the limitation of the length of the article, we have not analyzed the abrupt characteristics of aviation accidents in other stages. Figure 6 gives a curve concerning Mann-Kendall test on the number of civil aviation accidents. In the en-route phase, series curve UF rose in a fluctuant manner before 1950 and thereafter significantly declined. In 1980, UF intersects UB at a point within the critical region and was lower than the lower limit of the critical value in 1984, from when a downward trend was significant. 1980 was the year when an abrupt change started.
In the approach phase, series curve UF slowly rose before 1978 and exceeded the critical value in 1970, declined in a fluctuant way from 1978 to 1995, and rapidly declined after 1995. UF intersects UB at a point within the critical region in 2012 when an abrupt change occurred.
The Mann-Kendall test on the fatalities is shown in Figure 7 . In the approach phase, curve UF exceeded the upper limit of the critical value in around 1960, from when the fatalities increased significantly; it moved downward and was lower than the upper limit of the critical value in around 2006, from when the fatalities decreased significantly. There was no obvious abrupt change in the fatalities in the approach phase.
Time Series Forecast on Key Indicators of Civil Aviation
Accidents. As a time series analysis method, an ARIMA model requires a stationary time series. Nonstationary time is preprocessed to be stationary. First, take the natural logarithm of a time series to eliminate its heteroscedasticity; second, transform the time series into a stationary series with the first-order difference method. Through observation of the autocorrelation function (ACF) and the partial autocorrelation function (PACF) in Figure 8 , this research makes a comparison between the parameters of the ARIMA models of high likelihood (Table 2 ). ACF and PACF are commonly used analytical methods for ARIMA models. The ARIMA parameter values p, d, and q can be determined by ACF and PACF maps. ACF and PACF are important methods for 8 Mathematical Problems in Engineering 1942  1945  1948  1951  1954  1957  1960  1963  1966  1969  1972  1975  1978  1981  1984  1987  1990  1993  1996  1999  2002  2005  2008  2011  2014 Time (year) determining the order of time series, which are used to analyze the truncation and smearing of time series. Truncation refers to the fact that the time series autocorrelation function (ACF) or partial autocorrelation function (PACF) is 0 after a certain order; smearing is a property in which ACF or PACF is not zero after a certain order. In the research of time series analysis, the two figures are commonly used to determine the parameters of ARIMA. The models are selected based on AIC (Akaike info criterion), C (goodness of fit), and R (coefficient of correlation) and the fact whether the residual error sequence is white noise. AIC is a measure of the goodness of statistical model fit. It is based on the concept of entropy and can weigh the complexity of the estimated model and the goodness of the model fitting data. AIC, C, and R are common statistical model fitting criteria. In many researches, these three parameters are used to determine the simulation accuracy of the model. The smaller AIC is and the larger C and R are, the higher the accuracy of an ARIMA model becomes, and the residual error sequence should be white noise. Through comparison between the parameters in Table 1 , ARIMA (1,0,1) is considered optimum through natural logarithm transformation, in which case AIC=-246.79, C=74.15%, and R=0.86, and the residual error sequence is white noise. This shows that there is no useful information in the residual error sequence, and the goodness of fit is high. Accordingly, the model may be used to forecast the time series of the number of civil aviation accidents worldwide.
The ARIMA (1,0,1) model is used to fit the number of civil aviation accidents in 1942-2016. The observed and fitted values are given in Figure 9 . As the root-mean-square error (RMSE) and the mean absolute error (MAE) of the model are 9.9 and 7.4, respectively, the requirement of low error is met. To improve the forecast accuracy, with the rolling forecast method, this research forecasts the number of the civil aviation accidents in 2017-2020 using the model built in accordance with the data of 1942-2016 and then adds the forecasted values into the original time series to build a model with a new series for forecasting the number of civil aviation accidents in 2021-2025. Forecast results are listed in Table 3 .
Likewise, the ARIMA model is used to forecast the fatalities of civil aviation accidents worldwide, which will not be discussed here due to limited space. ARIMA (1,0,1) is finally selected as the optimum model through natural logarithm transformation, in which case AIC=-146.57, C=50.92%, R=0.71, and the residual error sequence is white noise. Forecast results are listed in Table 4 .
There is a large relative error between the forecasted values and the actual values of the number and fatalities of civil aviation accidents worldwide in 2012-2016, especially the fatalities in 2013 and 2015. From the perspective of the whole time series, the time series model selected is highly accurate; that is, the overall residual error is minimum. In this study, the ARIMA model is used to predict the time series of aviation accidents. Due to the instability of the time series ,   0  1943  1946  1949  1952  1955  1958  1961  1964  1967  1970  1973  1976  1979  1982  1985  1988  1991  1994  1997  2000  2003  2006  2009  2012  2015 Time ( the overall simulation accuracy can only be guaranteed. However, for a certain year, there may be problems with poor prediction accuracy. In other prediction models exists the same question. With the improvement of the technology in the aviation industry, especially in terms of the automatic level of aircraft and air traffic control, there will be a great decrease in the number of civil aviation accidents arising from mechanical breakdown and automation failure. However, human factors (misoperation of aviators and controllers) and emergencies (extreme weather) will become the main causes of civil aviation accidents in the future. Related studies show that since 1980s the rate of civil aviation accidents worldwide had been kept at a low level (http:// news.carnoc.com/list/316/316196.html) and slowly reduced. This is similar to the conclusion of this research.
Conclusion and Discussion
In combination with the data concerning the number and fatalities of civil aviation accidents worldwide, based on the Mann-Kendall trend analysis and abrupt analysis as well as the ARIMA model for time series forecast, this research analyzes the change trend and the node of abrupt change in relation to the number and the fatalities of accidents in different flight phases and forecasts the number and the fatalities by the end of 2025, drawing the following conclusions.
(1) On the whole, the number of civil aviation accidents worldwide reduced in a fluctuant way. In 1942-2016, there were two periods of change in the number of accidents. The number increased by 70 in the first period (1942 -1948) and by 30 in the second period (1983) (1984) (1985) (1986) (1987) (1988) (1989) ) and reduced by 63 in the first period ) and by 52 in the second period; during the two periods, the increment of the accidents reduced from 10 to 4 per year, and the decrement increased from 1.5 to 1.8 per year. There was a significant difference between the trends of change in the number and the fatalities of civil accidents worldwide. The fatalities first increased and then reduced, showing a parabolic trend, and 1972 was the year when the fatalities reached the maximum.
(2) In different flight phases, the number of aviation accidents was different, which was maximum in the enroute and approach phases and minimum in the take-off and landing phases; there was a large difference between different flight phases in the fatalities, especially in the en-route and approach phases; the fatalities were high and over a half of the total in all flight phases and changed in a similar manner.
(3) According to the result of Mann-Kendall trend analysis, the number of accidents in all flight phases other than the landing phase significantly reduced, but the fatalities significantly reduced only in the en-route phase, and the downward trend in fatalities was not significant in other phases. According to the result of Mann-Kendall abrupt change analysis, there was no abrupt change in the number and fatalities of accidents in the approach phase. 2013, 1980, 2012, and 2006 were the years when there was an abrupt change in the fatalities, the number of accidents in the enroute phase, the number of accidents in the approach phase, and the fatalities in the en-route phase, respectively.
(4) Through observation of the ACF and PACF of stationary series and analysis of the model accuracy, the ARIMA (1,0,1) model is selected to forecast the time series of the number and fatalities of civil aviation accidents worldwide, obtaining the forecasted values of the two by the end of 2025.
Forecasts of the number and fatalities of civil aviation accidents may be used as a reference for civil aviation safety management. With the extension of forecast period, the forecast error will gradually increase, and the accuracy will reduce. Thanks to the ARIMA model, the forecasts of the number and fatalities of accidents are highly accurate. Despite a large relative error of forecast from 2011 to 2025, ARIMA (1,0,1), whose residual error is minimum, is considered optimum from the perspective of overall time series. This research also forecasts the data concerning civil aviation accidents using the grey system forecast model GM(1,1), but the forecast results are poorly accurate, which are uncovered herein due to limited space.
Aviation accident analysis is an important part of aviation safety research. We used long-term sequence aviation accident statistics to analyze the characteristics of historical aviation accidents and predict the future direction of aviation accidents. The research methods we mainly use included statistical analysis and time series prediction, and some valuable conclusions have been made. The occurrence of aviation accidents is a complicated process, which may happen because of various reasons, including aircraft stability, climatic conditions, and human factors of the crew. Because the cause of aviation accidents is extremely complicated and it is impossible to construct a model to predict, we analyze the time variation of the aviation accident itself and use the time series analysis method to predict the number of future aviation accidents and the number of casualties. From the perspective of long-term sequence, the occurrence of aviation accidents has certain time regularity, which may be the result of a combination of various factors. But how to lead to the final occurrence of aviation accidents, the current research has no positive conclusions; we explored the time regularity of aviation accidents. In the future, we can explore the mechanism of aviation accidents and try to construct an accident mechanism model to simulate and analyze the process of aviation accidents.
To improve the accuracy of time series forecast in the future, other dependent variables like GDP (Gross Domestic Product), population, number of airports, and investment may be considered, and multiple independent variable forecast models may be used to conduct time series forecast. Through the analysis of historical aviation accident time series data, the characteristics of aviation accident data were obtained, and the possible trend of future global aviation accidents was predicted by ARIMA model. In the research, we only considered the variation characteristics of the aviation accident time series itself and did not consider other influencing factors and the changes of these influencing factors over time. Therefore, in future research work, the mechanism and process of aviation accidents should be analyzed in combination with the possible influencing factors of the aviation accidents, and intelligent models should be constructed to further improve the accuracy of prediction. In addition, from the aspect of data acquisition, aviation accidents are related to flight schedules. The more the flights, the higher the frequency of aviation accidents. Therefore, the flight schedule data corresponding to aviation accidents is also an important content of research. It has not yet been involved in the research. Flight schedule data should be collected as a supplement to improve the model precision in the future.
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